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We reported here the finding of a
new pathogenic CGI-58 mutation in a
Turkish patient with DCS. This S115G
mutation further illustrates the functional
importance of CGI-58 in lipid metabo-
lism and epidermal differentiation.
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TO THE EDITOR
Psoriasis vulgaris is a common chronic
inflammatory skin disease, possibly of
autoimmune etiology, and character-
ized by erythematous, scaly lesions
with a predilection for the scalp and
extensor surfaces of the extremities,
whereas the palms and soles are usually
not primarily involved.
The inflammation is manifested by
vasodilation, with infiltrates of T lym-
phocytes, mainly CD4þ in the papillary
dermis and CD8þ in the epidermis. In
the papillary dermis there is also an
increased number of mast cells (Harvi-
ma et al., 1993), natural killer (NK) cells
(Cameron et al., 2002) and plasma-
cytoid dendritic cells (Nestle et al.,
2005), the latter producing large
amounts of IFNa, which is now con-
sidered to be of particular relevance for
initiation of the inflammation. Migra-
tion of neutrophil granulocytes into the
epidermis, with formation of micro-
abscesses, is another typical feature.
The possibility of dysregulation of
innate immunity in psoriasis is currently
under discussion (Bos et al., 2005).
Although there is evidence that psoria-
sis is an autoimmune disease, few, if
any, autoantigens have been defined and
no psoriasis-specific antigen has been
found (reviewed in Bos et al., 2005). To
reveal antigens recognized by T lympho-
cytes in human disease has been found
to be a difficult task. There is, however,
an interaction between T cells and B
cells in autoimmune diseases. Antigen-
specific autoreactive T lymphocytes
(Th2) play a central role in autoimmu-
nity, in which they activate B cells to
produce antibodies (Nishifuji et al.,
2000). Hence, identification of autoanti-
bodies against potential psoriasis-related
antigens would also yield important
knowledge regarding T-cell-mediated
mechanisms in this disease.
We have tried to identify autoanti-
gens in psoriasis by recombinant ex-
pression cloning, a method which is
well established in our laboratory and
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has been used in several previous
studies to investigate autoantigens in
different autoimmune diseases (Hed-
strand et al., 2000, 1999). This method
involves expression of proteins from a
cDNA library constructed from normal
scalp skin and screening of patient sera
against these antigens.
The study adhered to the Declara-
tion of Helsinki Principles, had been
approved by the ethical committee of
the University of Uppsala, and patients
had given their informed consent.
A scalp skin cDNA library (Hedstrand
et al., 2000) was immunoscreened with
sera from two psoriasis patients using a
dilution of 1/300. Figure 1 shows the
immunoreactivity on scalp skin sections
of the two sera chosen.
This cDNA library contained 1106
unique clones before amplification.
When screened with two patient sera,
180 positive plaques were identified, of
which 103 remained when clones
coding for IgG were excluded, as tested
with a goat antiserum recognizing hu-
man IgG. Twenty-five randomly chosen
positive clones were purified by re-
peated screening and sequenced after
amplification of the phage insert by
PCR. These 25 clones revealed 18
different potential autoantigens. Three
of the clones coded for centaurin g3/
myosin phosphatase RhoA interacting
protein (MRIP-1), and two clones coded
for ataxin-3. Eight different proteins
identified this way were expressed in
E.coli and screened with 20 sera from
psoriasis patients, 20 sera from healthy
subjects, and 22 sera from patients with
eczema (10 with hand eczema and 12
with widespread atopic dermatitis or
eczema). These eight proteins were
chosen either because several indepen-
dent clones coded for them or because
they were clearly interesting with re-
gard to the pathogenesis of psoriasis.
Each of the positive clones was mixed
1:1 with a negative control phage
(¼mixed plate assay), blotted, and
screened as for the library screening.
Three of the proteins expressed from the
eight clones reacted only with the
serum that was used in the screening
of the library and were not further
a b
c d
Figure 1. Indirect immunofluorescence on normal scalp skin sections was performed with 17 psoriasis
sera and 5 sera from healthy controls (dilution 1/100). The screening showed varying immunoreactivity.
One half of the psoriasis sera elicited immunoreactions, but these were not as strong as those seen in the
specimens incubated with the two sera chosen for screening of the cDNA library. The reactions with the
structures that were seen with these two sera were not observed in specimens incubated with sera from
healthy subjects. (a, b, and d) The immunoreaction with serum from patient 1 and (c) immunoreaction
with serum from patient 2; both sera chosen for screening of the cDNA library. (a and c) Structures in the
dermis with a nerve-like appearance are recognized. Furthermore, as seen in (b), serum from patient 1
reacted very strongly with some cells in the reticular dermis. (d) Reaction in the epidermis, which was
seen in varying intensity with several sera. This pattern was not observed in the epidermis with sera from
healthy subjects. Bars: 20mm in (a and c), 10mm in (b), and 30mm in (d).
Table 1. Antigens expressed from a cDNA library constructed from scalp skin from a healthy subject and the
number of sera from patients with psoriasis and eczema, and healthy subjects reacting with them
Phage insert sequence Accession number
Number of
reactive psoriatic
sera/total number
Number of reactive
eczema sera/total
number
Number of reactive
healthy control
sera/total number Cds/phage sequence
Palladin BC013867.2 5/21 2/22 0/20 1–1535/807–2300
Centaurin g3/MRIP-1 BC044644.1 4/21 1/22 0/20 4–2631/254–3200
Desmoplakin I M77830 4/21 1/22 2/20 280–8895/3652–5050
Collagen XXI NM_030820.2 2/21 n.d. 0/20 203–3076/1437–2280
Ataxin-3 NM_004993.2 2/21 1/22 1/20 30–1142/3–1500
Keratin 6 NM_175053.2 1/21 n.d. n.d. 49–1638/1167–2960
Cytokeratin 15/keratin 13 BT007261.1/NM_153490 1/20 n.d. n.d. 1–1371/312–1710;
64–1440/372–1770
5-Adenosyl homocysteine hydrolase BC010018.2 1/21 n.d. n.d. 70–1638/8–2500
n.d., not determined.
Results from mixed plate assay.
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screened. The numbers of sera reacting
strongly with the eight proteins identi-
fied are given in Table 1.
As seen in Table 2, 9 out of 21
psoriasis sera, including the sera used
for the initial screening (patients 1 and
2) of the library, reacted with at least
one of the five proteins listed in Table 1
(43%). Another five patient sera showed
Table 2. Sera from patients with psoriasis including the two screening sera (patients 1 and 2) (n=21), eczema
(n=22), and healthy subjects (n=20), and their reactions against antigens expressed from cDNA constructed from
scalp skin from a healthy person
Psoriasis patient (P),
control (C), and
eczema patient (E)
serum number
Centaurin
c3/MRIP-1 Palladin Collagen XXI Desmoplakin Ataxin-3
Clinical characteristics (the majority
showed poor response to treatment)
1 (P) pos1 pos pos1 pos1 pos1 Widespread small lesions on scalp, trunk,
and extremities; no plaques, labile psoriasis
2 (P) pos pos1 Plaques, stable, and silent celiac disease
7 (P) pos pos Widespread small lesions on scalp, trunk,
and extremities; no plaques, labile psoriasis
8 (P) pos pos Widespread small lesions on scalp, trunk,
and extremities; no plaques, labile psoriasis
9 (P) pos Plaques and small lesions, occasional
pustules, widespread, labile
20 (P) pos Widespread plaques, arthritis, stable,
cardiovascular disease
26 (P) pos Widespread plaques, stable
28 (P) pos Plaques and nummular lesions, moderate
severity, stable
45 (P) pos pos Nummular lesions, moderate severity, stable
10 (P) (+) Plaques, arthritis, silent celiac disease,
hypothyroidism, and cardiac disease
30 (P) (+) Plaques and nummular lesions, silent celiac
disease
37 (P) (+) (+) Widespread nummular lesions and plaques
51 (P) (+) (+) Widespread plaques, arthritis, and stable
disease
53 (P) (+) (+) Small plaques and a few nummular lesions,
moderate severity
7 (C) (+) pos
9 (C) (+)
115 (C) pos
118 (C) pos
5 (C) (+)
8 (C) (+)
124 (C) (+)
126 (C) (+)
AK (E) pos Atopic dermatitis, bronchial asthma
LB (E) pos Generalized eczema
PH (E) pos Widespread atopic dermatitis
MS (E) pos Atopic dermatitis, hand eczema
MC (E) pos Atopic dermatitis
C, control; E, eczema; pos, positive; P, psoriasis.
1Found in initial screening of the cDNA library; all other found by ‘‘mixed plate assay’’.
((+), weak, not obvious reactions). Remaining sera were negative
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weak staining. When the latter sera
were included, 14 of 21 psoriasis sera
(67%) were positive. Only three of the
20 sera (15%) from healthy controls
displayed positive reactions with two of
the antigens and five showed weak
reactions (Table 2). Five of the 22 sera
(23%) from patients with eczema re-
acted with the four clones tested
(Table 2). None of these sera reacted
against more than one clone. Four of
these patients had widespread atopic
dermatitis and one generalized eczema.
To the best of our knowledge, no
previous studies of autoantigens in
psoriasis using the technique of cDNA
library screening constructed from nor-
mal non-psoriatic skin. Scalp skin
mRNA was used to construct the library
as this site is a predilection site in
psoriasis. The results demonstrate that
autoantigens can be identified in psor-
iasis by expression cloning followed by
screening of patient sera. The two sera
chosen for library screening were from
patients with different types of psoriasis.
One of them with widespread, labile
psoriasis and the other with stable
plaque psoriasis. The screening results
showed reactivity against different pro-
teins in these two patients, with two
overlaps found with ‘‘mixed plate assay’’
(centaurin g3 and palladin). Most of the
sera reacting against palladin were from
patients with plaque psoriasis, whereas
three of the four sera reacting against
desmoplakin were from patients with
widespread labile psoriasis.
The same technique but with a
different approach was recently used
by Jones et al (2004). They used two
cDNA libraries from lesional psoriasis
and one from keratinocytes. The anti-
gens found in their study differ from
those in ours with the exception of
keratin 13, which was recognized by
one serum in our study. They also found
that sera from psoriasis patients and
controls reacted with similar frequency,
whereas we found that reactivity with
patient sera was more frequent than
that among controls, although not
statistically significant. Sera 1 and 2
were excluded to avoid scewing the
results towards psoriasis. There are
several possible explanations for the
discrepancies between the two study
results. Pooling patient sera, as was the
case in the study by Jones co-workers.,
may dilute a positive autoantibody for
which the other pooled sera are nega-
tive. This will disfavor the identification
of fairly uncommon but important
antigens, and favor that of common
antigens that also may be positive
among the controls. The screening of
cDNA libraries constructed from af-
fected psoriasis tissues will further
enhance the expression of inflamma-
Table 3. The antigens found and their properties, function, and possible connection with the pathogenesis of
psoriasis
Antigen
Percent
positive
psoriasis
sera1 n=19
Percent
positive sera
from eczema
patients n=22
Percent
positive
control sera
n=20 Properties Function
Possible connection
with the pathogenesis of
psoriasis
Palladin 161 9 0 Phosphoprotein, which
colocalizes with -actinin
in the stress fibers, focal
adhesions, cell–cell
junctions, and embryonic
Z lines (Otey et al., 2005).
Plays important roles in
actin cytoskeleton
organization, cell
adhesion and cell motility
(Mykkanen et al., 2001),
and neurite outgrowth
(Boukhelifa et al., 2001).
Epidermal and nerve fiber
outgrowth abnormal in
psoriasis.
Centaurin g3 111 4 0 Member of the centaurin
ADP-ribosylation factors
(ARF) GTPase-activating
proteins (Jackson et al.,
2000).
Centaurins control
subcellular trafficking of
macromolecular signaling
complexes (Hawadle
et al., 2002).
A specific function of this
protein is not yet known.
Desmoplakin 161 4 10 Provides a link between
desmosomal cadherins
and the interfilaments of
the cytoskeleton (Leung
et al., 2002).
Contributes to the
functional integrity of the
desmosome-keratin
filament complex (Leung
et al., 2002).
Epidermal differentiation
abnormal in psoriasis.
Collagen XXI 51 n.d. 0 Extracellular component
of blood vessel walls,
secreted by smooth
muscle cells (Chou and
Li, 2002).
Relates to blood vessel
development (Chou and
Li, 2002).
Possible interaction with
abnormal angiogenesis
and vascular disease.
Ataxin 3 51 4 5 Contains two ubiquitin
interacting motifs through
which it binds to
polyubiquitin chains
(Chai et al., 2004).
Interaction with other
components of the quality
control and protein
degradation system
(Warrick et al., 2005).
The percent positive sera in each group was calculated.
1The two psoriasis sera used for the initial screening of the cDNA library are excluded.
www.jidonline.org 2279
E Hagforsen et al.
Psoriasis Autoantigens in Normal Scalp Skin
tion-related antigens that perhaps are
also related to non-psoriasis conditions
that may have affected the control
individuals. The expressed inserts of
the autoantigens found in our study
were longer (average 1,850 kb com-
pared with 500 kb) those in the other
study, increasing the chance of reveal-
ing a major epitope on their target
antigens. Furthermore, we chose to
present only clearly positive clones
(þ þ and þ þ þ ), as the method of
evaluation of weakly stained clones
(þ ) is probably not stringent enough
with use of this mixed plate assay.
Interestingly, one of the patients was
successfully treated with efalizumab after
the initial serum was used for the ‘‘mixed
plate assay’’ screening. When using a
second serum from this patient taken
during the efalizumab treatment, the
reactivity against the antigens desmopla-
kin 1 and ataxin-3 were completely gone.
This further emphasizes the importance
of T-cell-mediated regulation of the
B-cell antigens identified in this study.
With the exception of desmoplakin 1,
the expression and function of the other
proteins in the skin are not yet known.
The different antigens are presented in
Table 3 together with their properties,
function and possible connection with
the pathogenesis of psoriasis.
Extended studies are needed both
with library screening of more psoriasis
sera and screening with the mixed plate
assay of a large number of psoriasis and
control sera.
Comparisons with results obtained
with other methods are also required,
but the preliminary results of this study
strengthen the hypothesis that psoriasis
is an autoimmune disease. In addition,
our data suggest that there may be
different antigens related to the various
clinical subtypes of psoriasis.
CONFLICT OF INTEREST
The authors state no conflict of interest.
ACKNOWLEDGMENTS
This project was supported by grants from the The
Swedish Research Council, Edvard Welander
Foundation, the Swedish Psoriasis Association,
the Swedish Medical Society, the Claes
Groschinsky Foundation and the Faculty of
Medicine, University of Uppsala.
Eva Hagforsen1, Karin Sunnerberg1,
Gerd Michae¨lsson1, Olle Ka¨mpe2,
Ha˚kan Hedstrand1
1Section of Dermatology, University of
Uppsala, Uppsala, Sweden and 2Section of
Endocrinology, Department of Medical
Sciences, University of Uppsala, Uppsala,
Sweden
E-mail: eva.hagforsen@medsci.uu.se
REFERENCES
Bos JD, De Rie MA, Teunissen MB, Piskin G
(2005) Psoriasis: dysregulation of innate
immunity. Br J Dermatol 152:1098–107
Boukhelifa M, Parast MM, Valtschanoff JG,
LaMantia AS, Meeker RB, Otey CA (2001)
A role for the cytoskeleton-associated protein
palladin in neurite outgrowth. Mol Biol Cell
12:2721–9
Cameron AL, Kirby B, Fei W, Griffiths CE
(2002) Natural killer and natural killer-T
cells in psoriasis. Arch Dermatol Res
294:363–9
Chai Y, Berke SS, Cohen RE, Paulson HL (2004)
Poly-ubiquitin binding by the polyglutamine
disease protein ataxin-3 links its normal
function to protein surveillance pathways.
Biol Chem 279:3605–11
Chou MY, Li HC (2002) Genomic organization
and characterization of the human type XXI
collagen (COL21A1) gene. Genomics 79:
395–401
Harvima IT, Naukkarinen A, Paukkonen K, Harvi-
ma RJ, Aalto ML, Schwartz LB, Horsmanhei-
mo M (1993) Mast cell tryptase and chymase
in developing and mature psoriatic lesions.
Arch Dermatol Res 285:184–92
Hawadle MA, Folarin N, Martin R, Jackson TR
(2002) Cytohesins and centaurins control
subcellular trafficking of macromolecular
signaling complexes: regulation by phosphoi-
nositides and ADP-ribosylation factors. Biol
Res 35:247–65
Hedstrand H, Ekwall O, Haavik J, Landgren E,
Betterle C, Perheentupa J et al. (2000)
Identification of tyrosine hydroxylase as an
autoantigen in autoimmune polyendocrine
syndrome type I. Biochem Biophys Res
Commun 267:456–61
Hedstrand H, Perheentupa J, Ekwall O, Gustafsson
J, Michaelsson G, Husebye E et al. (1999)
Antibodies against hair follicles are asso-
ciated with alopecia totalis in autoimmune
polyendocrine syndrome type I. J Invest
Dermatol 113:1054–8
Jackson TR, Kearns BG, Theibert AB (2000)
Cytohesins and centaurins: mediators of PI
3- kinase-regulated Arf signaling. Trends
Biochem Sci 25:489–95
Jones DA, Yawalkar N, Suh KY, Sadat S,
Rich B, Kupper TS (2004) Identification of
autoantigens in psoriatic plaques using ex-
pression cloning. J Invest Dermatol 123:
93–100
Leung CL, Green KJ, Liem RK (2002) Plakins: a
family of versatile cytolinker proteins. Trends
Cell Biol 12:37–45
Mykkanen OM, Gronholm M, Ronty M, Lalowski
M, Salmikangas P, Suila H et al. (2001)
Characterization of human palladin, a micro-
filament-associated protein. Mol Biol Cell
12:3060–73
Nestle FO, Conrad C, Tun-Kyi A, Homey B,
Gombert M, Boyman O et al. (2005) Plas-
macytoid predendritic cells initiate psoriasis
through interferon-alpha production. J Exp
Med 202:135–43
Nishifuji K, Amagai M, Kuwana M, Iwasaki T,
Nishikawa T (2000) Detection of antigen-
specific B cells in patients with pemphigus
vulgaris by enzyme-linked immunospot as-
say: requirement of T cell collaboration for
autoantibody production. J Invest Dermatol
114:88–94
Otey CA, Rachlin A, Moza M, Arneman D,
Carpen O (2005) The palladin/myotilin/myo-
palladin family of actin-associated scaffolds.
Int Rev Cytol 246:31–58
Warrick JM, Morabito LM, Bilen J, Gordesky-
Gold B, Faust LZ, Paulson HL (2005)
Ataxin-3 suppresses polyglutamine neuro-
degeneration in Drosophila by a ubiquitin-
associated mechanism. Mol Cell 18:
37–48
2280 Journal of Investigative Dermatology (2007), Volume 127
E Hagforsen et al.
Psoriasis Autoantigens in Normal Scalp Skin
